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(2012); Lu et al. (2012); Tamizh et al. (2012). For related 
structures, see: Kaewmanee et al, (2013); Sun et al. (2011). 
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Experimental 

Crystal data 

C 16 H 17 N0 4 
M r = 287.31 
Triclinic, PI 
a = 7.3819 (6) A 
b = 11.7036 (9) A 
c = 16.4373 (13) A 
a = 89.469 (2)° 
B = 85.616 (2)° 

Data collection 

Bruker SMART APEX2 CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.954, T m „ = 0.985 




OCH3 



y = 80.456 (2)° 

V = 1396.34 (19) A 3 

Z = 4 

Mo Ka radiation 
II = 0.10 mm -1 
T = 100 K 

0.49 x 0.16 x 0.16 mm 



29313 measured reflections 
8129 independent reflections 
5872 reflections with / > 2o'(7) 
R iM = 0.048 



There are two independent molecules in the asymmetric unit 
of the title compound, C 16 H 17 N0 4 , with similar conformations 
but some differences in their bond angles. Each molecule 
adopts a trans configuration with respect to the methylidene 
C=N bond and is twisted with a dihedral angle between the 
two substituted benzene rings of 80.52 (7)° in one molecule 
and 83.53 (7)° in the other. All methoxy groups are 
approximately coplanar with the attached benzene rings, with 
C methyl — O — C— C torsion angles ranging from —6.7 (2) to 
5.07 (19)°. In the crystal, independent molecules are linked 
together by O— H- ■ N and O— H- ■ O hydrogen bonds and a 
7T-7T interaction [centroid-centroid distance of 3.6030 (9) A], 
forming a dimer. The dimers are further linked by weak C— 
H- ■ O interactions and another 7r-7r interaction [centroid- 
centroid distance of 3.9452 (9) A] into layers lying parallel to 
the ab plane. 



Refinement 

R[F 2 > 2a(F 2 )] = 0.052 

wR(F 2 ) = 0.148 

S = 1.02 

8129 reflections 

393 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.41 e A" 3 

Ap min = -0.32 e A" 3 
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164 



Symmetry codes: (i) x + 1, y, z; (ii) X, y — \,z. 



Related literature 

For organic bond-length data, see: Allen et al. (1987). For 
related literature on hydrogen-bond motifs, see: Bernstein et 
al. (1995). For background to and application of aza-stilbene, 
see: Cheng et al. (2010); da Silva et al. (2011); Fujita et al. 
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Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. PLATON (Spek, 
2009), Mercury (Macrae et al, 2006) and publCIF (Westrip, 2010). 
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(£)-2-[(2,4,6-Trimethoxybenzylidene)amino]phenol 

Narissara Kaewmanee, Suchada Chantrapromma, Nawong Boonnak, Ching Kheng Quah and 
Hoong-Kun Fun 

1. Comment 

Aza-stilbenes are a special group of compounds in the Schiff base family which can be synthesized by the reaction of 
aldehyde with aniline. Aza-stilbenes have been shown to possess potent biological properties such as antibacterial 
(Tamizh et al, 2012), antioxidant (Cheng et al, 2010; Lu et al, 2012), antifungal (da Silva et al, 2011) and 
antiproliferative (Fujita et al, 2012) activities. The interesting biological activities of aza-stilbenes have led us to 
synthesize the title compound (I) and study its antibacterial and antioxidant activities. Our antibacterial assay have shown 
that (I) possesses moderate to weak antibacterial activity against B. subtilis, S. aureus, P. aeruginosa, S. typhi and 
S.sonnei with the MIC values in the range of 37.5 to 150 ,«g/ml. In addition (I) also shows interesting antioxidant activity 
by DPPH assay with the ICso value of 0.080 ± 0.0004 //g/ml. We report here the crystal structure of the title compound. 

There are two independent molecules, A and B in the asymmetric unit of the title compound, with similar conformations 
but some differences in bond angles (Fig. 1). The molecular structure exists in a trans configuration with respect to the 
methylidene C7=N1 double bond [1.2868 (13) and 1.2823 (19) A for molecules A and B, respectively] and with the 
torsion angle C8— Nl— C7— CI = -175.58 (13)° for molecule .4 [177.48 (13)° for molecule B]. The molecule is twisted 
with the dihedral angle between the two substituted benzene rings being 80.52 (7)° in molecule^ and 83.53 (7)° in 
molecule B. In both molecules, the three methoxy groups are co-planar with their bound benzene rings with the C14 — 01 
— C2— C3 = -3.2 (2)°, C15— 02— C4— C3 = -6.7 (2)° and C16— 03— C6— C5 = -1.5 (2)° in molecule A, and the 
corresponding values are 5.07 (19), 1.86 (19) and -1.7 (2)° in molecule B. In each molecule, an intramolecular O — H--N 
hydrogen bond (Fig. 1 and Table 1) generates an S(5) ring motif (Bernstein et al., 1995). The bond distances are in 
normal ranges (Allen et al, 1987) and are comparable with the related structures (Kaewmanee et al, 2013; Sun et al, 
2011). 

In the crystal structure, the molecules are linked into dimers by O — H— N and O — H— O hydrogen bonds (Table 1) 
which form two R 2 i(6) ring motifs and an R 2 2 (10) ring motif (Fig. 2). These dimers are further linked by C — H---0 
interactions (Tablel) into chains along the b direction which arranged into sheets parallel to the ab plane (Fig. 3). There 
are tz-tz interactions with Cgl — Cg3 and Cgl—Cg3" distances of 3.6030 (9) and 3.9452 (9) A, respectively (Fig. 2) 
[symmetry code: (iv) = -1 + x, y, z]; Cgl and Cg3 are the centroids of C1A-C6A and C1B-C6B rings, respectively.] 

2. Experimental 

The title compound (I) was prepared by mixing 1 : 1 molar ratio solutions of 2-aminophenol (2.5 mmol, 0.25 g) in toluene 
(20 ml) and 2,4,6-trimethoxybenzaldehyde (2.5 mmol, 0.50 g) in toluene (20 ml). The reaction mixture was refluxed for 
around 4 h, yielding white solids , which was collected by filtration, washed with cold ethanol and dried in air. Colorless 
block-shaped single crystals suitable for X-ray structure determination were recrystalized from methanol by slow 
evaporation of the solvent at room temperature after several days (m.p. 450^152 K). 
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3. Refinement 

Hydroxy H atom was located in a difference map and refined freely. The remaining H atoms were fixed geometrically 
and allowed to ride on their parent atoms, with d(C — H) = 0.95 A for aromatic and CH, and 0.98 A for CH 3 atoms. The 
(7i S0 (H) values were constrained to be 1.5t/ eq of the carrier atom for water and methyl H atoms and l.2U eq for the 
remaining H atoms. A rotating group model was used for the methyl groups. 

Computing details 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Broker, 2009); data reduction: SAINT (Broker, 2009); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008), PLATON (Spek, 2009), Mercury (Macrae et al, 2006) and publCIF (Westrip, 2010). 




Figure 1 

The asymmetric unit of the title compound showing 40% probability displacement ellipsoids and the atom-numbering 
scheme. Intramolecular hydrogen bonds are drawn as dashed lines. 
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• N • Cg1 = C1A-C6A R 1 (6) 




Figure 2 

R 2 i(6) and R 2 i(l0) ring motifs and a n-n interaction in the crystal of the title compound. 




Figure 3 

The crystal packing of the title compound viewed along the a axis. Hydrogen bonds are drawn as dashed lines. 
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(F)-2-[(2,4,6-Trimethoxybenzylidene)amino]phenol 

Crystal data 

C 16 H 17 N0 4 
M r = 287.3 1_ 
Triclinic, PI 
Hall symbol: -P 1 
a = 7.3819 (6) A 
b= 11.7036 (9) A 
c= 16.4373 (13) A 
a = 89.469 (2)° 
p = 85.616 (2)° 
y = 80.456 (2)° 
V= 1396.34 (19) A 3 

Data collection 

Broker SMART APEX2 CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 8.33 pixels mm" 1 
co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2009) 
T mm = 0.954, T mwi = 0.985 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2<r( J F 2 )] = 0.052 

wR{F 2 ) = 0.148 

S = 1.02 

8129 reflections 

393 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Z = 4 

7^(000) = 608 

D x = 1.367 Mgrrr 3 

Melting point = 450^152 K 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 8129 reflections 

6= 2.5-30.0° 

/^O.lOmnT 1 

T= 100 K 

Block, colourless 

0.49 x 0.16 x 0.16 mm 



29313 measured reflections 
8129 independent reflections 
5872 reflections with I > 2a{I) 
R ml = 0.048 

ftnax ~ 30.0°, # m in = 2.5° 

h = -10— >10 
k = -\6^\6 
/ = -23^23 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = \l[o\F*) + (0.0788P) 2 + 0.2397P] 

where P = (F a 2 + 2F c 2 )/3 
(A/o-) max = 0.001 
Ay9 max = 0.41 e A" 3 
Ap mm = -0.32 e A" 3 



Special details 

Experimental. The data was collected with the Oxford Cyrosystem Cobra low-temperature attachment. 
Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > aiF 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



II- *ITJ 



OlA 



0.21415(16) 



0.83067 (9) 



0.10628 (6) 



0.0249 (2) 
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0.0249 (2) 


Mil) 

U4B 


ft TOylf 1 f\ A\ 

0.38451 (14) 


1 i^i^co few 
1.24458 (9) 


ft TlOCft 

0.33850 (6) 


ft ftTl 1 /OA 

0.0221 (2) 


H204 


A 1 O A /I \ 

0.389 (3) 


1.186 (2) 


A ")ACA /1 /IN 

0.3050 (14) 


A Af 1 /TNsfc 

0.053 (7)* 


NIB 


ft cnnn c\£\ 
0.69329 (16) 


1 ftftftft C / 1 ft\ 

1.09095 (10) 


0.2 lb /8 ( /) 


ft ft 1 Q£ 

0.0186 (2) 


C1B 


ft HI AC\C\ / 1 ft A 

0. /3499 (19) 


ft ooftzci /n\ 
0.88062 (12) 


ft O/C 1 £ft /OA 

0.26160 (8) 


ft ftno c}\ 
0.01 /8 (3) 


C6B 


0.72703 (19) 


0.86652 (13) 


0.17664 (8) 


0.0187 (3) 


C5B 


0.7097 (2) 


0.76005 (13) 


0.14376 (8) 


0.0202 (3) 


H5BA 


0.7063 


0.7512 


0.0865 


0.024* 


C4B 


0.69737 (19) 


0.66679 (12) 


0.19584 (8) 


0.0182 (3) 


C3B 


0.70674 (19) 


0.67617 (12) 


0.27957 (8) 


0.0183 (3) 
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inn a 
H3BA 


0. /005 




0.61 1 5 


A 1 1 A A 

0.3 144 


A ATI * 

0.022* 




C2B 


a 71 c en / 1 
U. /2559 (19, 




A no 1 1 £. ( 1 1 \ 

0. /8316 (13) 


A 1 1 AOO ZO\ 

0.31056 (8) 


A A 1 H £L {1\ 

0.01 lb (3) 




C7B 


0.74811 (19) 




0.98811 (12) 


0.30235 (8) 


A A 1 Ol /"> \ 

0.0182 (3) 




H /BA 


a omo 
U.5U28 




U.9816 


0.3530 


A AOO* 

U.U22* 




C8B 


0.71474 (19, 




1 1 / 1 T \ 

1.18242 (12) 


A ITA/'T /ON 

0.32963 (8) 


A A 1 *? C /T \ 

0.0175 (3) 




C9B 


A CCC/I /T\ 

0.5554 (2) 




1 i/:aa7 /1 ta 

1.2600 / (12) 


A 1 C C OA ZO\ 

0.35589 (8) 


A A 1 *70 /I \ 

0.01 /o (3) 




C10B 


A CTAO /T\ 

0.5708 (2) 




1.35514 (13) 


A /I A A 1 A ZO\ 

0.40419 (8) 


A ATA/" /1\ 

0.0206 (3) 




HI OB 


0.4644 




1 A 1 AA 

1.4100 


A /I T A 1 

0.4201 


A AT C * 

0.025* 




/HI IT) 

CUB 


A H A 1 /I /1\ 

0.7414 (2) 




1.36955 (13) 


0.42898 (9) 


A AT yl /T \ 

0.0246 (3) 




T T 1 IT) 

HI IB 


0. /DO/ 




1.4335 


a a 

0.462 / 


A A1A* 

0.030* 




C12B 


A O AT7 /1\ 

0.8977 (2) 




1.29117 (14) 


A A A A O 1 /A\ 

0.40481 (9) 


A AT C T /T \ 

0.0252 (3) 




H12B 


1.0138 




1.3007 


0.4226 


A AIA* 

0.030* 




L13B 


A 0O/1£ /T\ 

0.8846 (2) 




1 1 AO A A / 1 /I \ 

1.19849 (14) 


0.35456 (9) 


A AT 1 A /"} \ 

0.0219 (3) 




HUB 


U.9924 




1.145 / 


A 11H 1 

0.33 /I 


A AO£* 

U.U26* 




C14B 


0.7287 (2) 




0.70361 (14) 


A A A CAA /A\ 

0.44500 (9) 


A AT C T /T \ 

0.0257 (3) 




T T 1 /I T~\ 

H14U 


A TO OA 

0.7280 




0.7283 


A C A 1 O 

0.5018 


A AO A* 

0.039* 




T T 1 A Tl 

H14b 


AO") A A 

0.8390 




A £. A £. 1 

0.6461 


A A 1 1 1 

0.4311 


A AO A* 

0.039* 










(J. 6692 


a /i i on 
U.4350 


a mn* 
U.U39* 




C15B 


A /" C /" A /T \ 

0.6564 (2) 




A yl "7 A /I A / 1 T \ 

0.47040 (13) 


0.21263 (9) 


A AT A A /T \ 

0.0249 (3) 




H15D 


0.6355 




0.4043 


0.1805 


A A") 1 rfs 

0.037* 




n i jii 


U.J J io 






U.ZJio 


U.UJ / 




H15F 


0.7691 




0.4488 


0.2409 


0.037* 




C16B 


0.7402 (3) 




0.95075 (15) 


0.04466 (9) 


0.0343 (4) 




H16D 


0.7459 




1.0261 


0.0190 


0.051* 




H16E 


0.6274 




0.9236 


0.0312 


0.051* 




H16F 


0.8477 




0.8947 


0.0245 


0.051* 




Atomic displacement parameters (A 2 ) 






U 22 


U 33 


JJ12 


U 13 


U 23 


OlA 


0.0414 (6) 


0.0140 (5; 


0.0205 (5) 


-0.0081 (5) 


-0.0030 (4) 


-0.0023 (4) 


02A 


0.0367 (6) 


0.0142 (5; 


0.0373 (6) 


-0.0064 (5) 


-0.0023 (5) 


0.0087 (5) 


03A 


0.0320 (6) 


0.0150(5; 


0.0194 (5) 


-0.0032 (4) 


-0.0044 (4) 


-0.0008 (4) 


04A 


0.0235 (5) 


0.0143 (5; 


0.0247 (5) 


-0.0016 (4) 


-0.0030 (4) 


0.0060 (4) 


N1A 


0.0231 (6) 


0.0106 (6; 


0.0204 (5) 


-0.0027 (5) 


-0.0029 (4) 


0.0024 (4) 


CIA 


0.0199 (6) 


0.0114(6) 


0.0209 (6) 


-0.0033 (5) 


-0.0005 (5) 


0.0003 (5) 


C2A 


0.0215 (7) 


0.0139 (7) 


0.0206 (6) 


-0.0032 (5) 


-0.0008 (5) 


-0.0006 (5) 


C3A 


0.0216(7) 


0.0107 (7) 


0.0291 (7) 


-0.0023 (5) 


-0.0009 (5) 


0.0000 (5) 


C4A 


0.0183 (6) 


0.0122 (7; 


0.0306 (7) 


-0.0015 (5) 


0.0004 (5) 


0.0058 (5) 


C5A 


0.0219(7) 


0.0172 (7^ 


0.0217(6) 


-0.0004 (6) 


-0.0011 (5) 


0.0044 (5) 


C6A 


0.0177 (6) 


0.0134 (7; 


0.0225 (6) 


-0.0007 (5) 


-0.0010 (5) 


-0.0006 (5) 


C7A 


0.0229 (7) 


0.0135 (7; 


0.0187 (6) 


-0.0026 (5) 


-0.0013 (5) 


-0.0005 (5) 


C8A 


0.0265 (7) 


0.0102 (6^ 


0.0159(6) 


-0.0028 (5) 


-0.0032 (5) 


0.0002 (5) 


C9A 


0.0245 (7) 


0.0102 (6) 


0.0186 (6) 


-0.0006 (5) 


-0.0033 (5) 


-0.0010(5) 


C10A 


0.0307 (7) 


0.0126 (7; 


0.0204 (6) 


-0.0044 (6) 


-0.0022 (5) 


0.0024 (5) 


C11A 


0.0354 (8) 


0.0124 (7; 


0.0197 (6) 


-0.0002 (6) 


-0.0058 (6) 


0.0028 (5) 


C12A 


0.0281 (7) 


0.0180 (7) 


0.0217(7) 


0.0029 (6) 


-0.0065 (5) 


0.0003 (5) 


C13A 


0.0252 (7) 


0.0178 (7) 


0.0214(6) 


-0.0023 (6) 


-0.0030 (5) 


-0.0003 (5) 


C14A 


0.0417 (9) 


0.0196 (8} 


0.0251 (7) 


-0.0108 (7) 


0.0011 (6) 


-0.0073 (6) 


C15A 


0.0290 (8) 


0.0124 (7^ 


0.0527 (10) 


-0.0054 (6) 


-0.0043 (7) 


0.0068 (7) 
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C16A 


0.0450 (y) 


A AO'} O ZO\ 

0.0232 (8) 


A A 1 AA tH\ 

0.0199 (/) 


A AA 1 1 fH\ 

—0.0011 (/) 


A AA1A { C\ 

—0.00 /0 (o) 


A AAAC { £\ 

—0.0005 (6J 


(JIB 


a ao c 1 

0.0351 (6) 


A A 1 A H /C\ 

0.0147 (5) 


A A1 ££. { Z\ 

0.0166 (5) 


A AAO O / A \ 

-0.0032 (4) 


A AAA/C / A\ 

-0.0006 (4) 


A AA 1 O f A\ 

0.0012 (4) 


(J2B 


A A'? O O 

0.0333 (6) 


a Ann /c\ 

0.0137 (5) 


a aiia /c\ 

0.0229 (5) 


A AAf ~i / A\ 

-0.0053 (4) 


A AA n / A\ 

-0.0017 (4) 


A AA 1 ^ f A\ 

-0.0016 (4) 


Aon 

U3B 


a A,i on S£\ 
0.043V (6) 


0.0113 (5) 


a Ai nc\ /c\ 

0.01 /9 (5 J 


a AAA/1 /C\ 

—0.0004 (5) 


A AA 1 A SA\ 

-0.0014 (4J 


A AAO/; t A\ 

0.0026 (4) 


U4B 


A m 1 A sz\ 
0.0219 (5) 


A A 1 C 

0.0165 (5) 


0.02 /4 (5) 


A AA 1 A f A \ 

—0.0010 (4) 


A AAO O (A \ 

—0.0028 (4J 


A AA/:') / A\ 

—0.0063 (4) 


XT 1 D 

NIB 


0.0225 (6) 


A A 1 O C ( £\ 

0.0125 (6) 


A A 1 AO" /f \ 

0.0197 (5) 


A AAAO /C\ 

0.0002 (5) 


A AA 1 O / A\ 

-0.0013 (4) 


A A A 1 O { A \ 

-0.0018 (4) 


CIB 


A A 1 A /_ //T\ 

0.0196 (6) 


A All! SH\ 

0.0121 (7) 


0.0204 (6) 


A AAAC /f \ 

0.0005 (5) 


A AAA£ /f \ 

-0.0006 (5) 


A AAAC /C\ 

0.0005 (5) 


C6B 


A AO 1 1 /£\ 

0.0211 (6) 


A A 1 1 A fH\ 
0.0139 ( 1) 


A A 1 A C 

0.0195 (6) 


A AA 1 A /C\ 
0.0010 (5) 


A AAA/1 /C\ 

—0.0004 (5 J 


A AA1 1 i Z\ 
0.0011 (5) 


C5B 


A AO C 1 /7\ 

0.0253 (/) 


A A1 CC (H\ 

0.0155 (/) 


A A 1 OO ( C\ 

0.0182 (b) 


A AA 1 O f£.\ 

0.0012 (6) 


A AA1 A /C\ 

—0.0014 (5) 


A AAAO" /C\ 

—0.000/ (5) 


C4B 


A A1 OH 

0.0187 (6) 


A A 1 "5 O / "7\ 

0.0132 (7) 


A AO 1 A 

0.0219 (6) 


A AAA£ /f \ 

-0.0006 (5) 


A AAAO /C \ 

-0.0002 (5) 


A AA 1 £ /C\ 

-0.0016 (5) 


C3B 


0.0204 (6) 


A A 1 T) /z:\ 

0.0123 (6) 


A AO 1 A t C\ 

0.0214 (6) 


A AA 1 O /C\ 

-0.0012 (5) 


A AAAO /C\ 

0.0008 (5) 


A AA n /c\ 

0.0013 (5) 


C2B 


A A 1 O 1 

0.0183 (6) 


A A 1 C O SH\ 

0.0158 (7) 


f\ Al HA 

0.0174 (6) 


A AAAO" /r\ 

0.0007 (5) 


A AAAO /C\ 

0.0003 (5) 


A AAAO /C\ 

—0.0003 (5) 


C /B 


A AO 1 T /£\ 

0.021 / (6) 


A A 1 A 1 /H\ 
0.0143 (/) 


A A 1 O 1 { C\ 

0.0181 (6) 


A AA1 1 SZ\ 

—0.0011 (5) 


A AA 1 A /C\ 

— 0.U010 (5) 


A AAAA /C\ 

0.0000 (5) 


POD 

C8B 


0.0242 (7) 


A A 1 1 O t £\ 

0.0118 (6) 


A A 1 jCO 

0.0162 (6) 


A AA 1 H /f \ 

-0.0017 (5) 


A AAOA /C\ 

-0.0020 (5) 


A AA 1 A /C\ 

0.0014 (5) 


/•an 

C9B 


A AO yl 1 /'7\ 

0.0241 (7) 


A A 1 1 1 ( ' £\ 

0.0121 (6) 


A A 1 OA ( £\ 

0.0170 (6) 


A AAOjC /C\ 

—0.0026 (5) 


A A A 1 A / C\ 

-0.0019 (5) 


A AA 1 C ( C\ 

0.0015 (5) 


CI OB 


0.0304 (7) 


f\ A l OO SH\ 

0.0128 (7) 


A A 1 O 1 ( £\ 

0.0181 (6) 


A AA1 1 { H\ 

-0.0033 (6) 


A A A An /f \ 

0.0007 (5) 


A AAA/1 ( C\ 

0.0004 (5) 


n ir 


0 fH74 (K\ 

\J.\JJ 1 *T ^ 


\J.\J 1U7 \ 1 J 


0 0? 1 8 (1\ 


— 0 01 Of, tf,\ 




—0 000? (*s\ 


C12B 


0.0300 (8) 


0.0232 (8) 


0.0250 (7) 


-0.0103 (7) 


-0.0070 (6) 


0.0045 (6) 


C13B 


0.0237 (7) 


0.0182 (7) 


0.0236 (7) 


-0.0034 (6) 


-0.0020 (5) 


0.0037 (5) 


C14B 


0.0392 (9) 


0.0195 (8) 


0.0185 (7) 


-0.0050 (7) 


-0.0030 (6) 


0.0042 (6) 


C15B 


0.0310(8) 


0.0165 (7) 


0.0288 (7) 


-0.0086 (6) 


-0.0019(6) 


0.0007 (6) 


C16B 


0.0635 (12) 


0.0194 (8) 


0.0185 (7) 


-0.0026 (8) 


-0.0030 (7) 


0.0031 (6) 



Geometric parameters (A, °) 


OlA — C2A 


1.3620 (17) 


OIB— C2B 


1.3665 (16) 


01A— C14A 


1.4324(16) 


OIB— C14B 


1.4240 (18) 


02A— C4A 


1.3616(18) 


02B— C4B 


1.3647 (16) 


02A— C15A 


1.4345 (19) 


02B— C15B 


1.4321 (18) 


03A— C6A 


1.3641 (16) 


03B— C6B 


1.3547 (17) 


03 A— C16A 


1.4276(17) 


03B— C16B 


1.4225 (17) 


04A— C9A 


1.3579 (17) 


04B— C9B 


1.3555 (17) 


04A— HI 04 


0.88 (2) 


04B— H204 


0.87 (2) 


N1A— C7A 


1.2868 (17) 


NIB— C7B 


1.2823 (19) 


N1A— C8A 


1.4251 (18) 


NIB— C8B 


1.4213 (17) 


CIA— C6A 


1.4149(19) 


CIB— C2B 


1.401 (2) 


CIA— C2A 


1.4149(18) 


CIB— C6B 


1.4145 (19) 


CIA— C7A 


1.447 (2) 


CIB— C7B 


1.4514(19) 


C2A— C3A 


1.385 (2) 


C6B— C5B 


1.3918(19) 


C3A— C4A 


1.383 (2) 


C5B— C4B 


1.392 (2) 


C3A— H3AA 


0.9500 


C5B— H5BA 


0.9500 


C4A— C5A 


1.402 (2) 


C4B— C3B 


1.3894 (19) 


C5A— C6A 


1.380 (2) 


C3B— C2B 


1.3903 (19) 


C5A— H5AA 


0.9500 


C3B— H3BA 


0.9500 


C7A— H7AA 


0.9500 


C7B— H7BA 


0.9500 


C8A— C13A 


1.395 (2) 


C8B— C13B 


1.390 (2) 


C8A— C9A 


1.405 (2) 


C8B— C9B 


1.4040(19) 


C9A— CI OA 


1.393 (2) 


C9B— CI OB 


1.3977 (18) 


C10A— C11A 


1.388 (2) 


C10B— CUB 


1.389 (2) 


CI OA— HI OA 


0.9500 


CI 0B— HI 0B 


0.9500 
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C11A— C12A 
C11A— H11A 
C12A— C13A 
C12A— H12A 
C13A— HI 3 A 
C14A— H14A 
C14A— H14B 
C14A— H14C 
C15A— H15A 
C15A— H15B 
C15A— H15C 
C16A— H16A 
C16A— H16B 
C16A— H16C 



1.382 (2) 

0.9500 

1.393 (2) 

0.9500 

0.9500 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 



CUB— C12B 

cub— hub 

C12B— C13B 
C12B— H12B 
C13B— H13B 
C14B— HMD 
C14B— H14E 
C14B— H14F 
C15B— H15D 
C15B— H15E 
C15B— H15F 
C16B— H16D 
C16B— H16E 
C16B— H16F 



1.385 (2) 

0.9500 

1.390 (2) 

0.9500 

0.9500 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 



C2A — 01 A — C14A 
C4A— 02A— C15A 
C6A — 03 A — C 1 6A 
C9A — 04 A — H104 
C7A— N1A— C8A 
C6A— CIA— C2A 
C6A— CIA— C7A 
C2A— CIA— C7A 
01 A — C2A — C3A 
01 A— C2A— CIA 
C3A— C2A— CIA 
C4A— C3A— C2A 
C4A— C3A— H3AA 
C2A— C3A— H3AA 
02A— C4A— C3A 
02A— C4A— C5A 
C3A— C4A— C5A 
C6A— C5A— C4A 
C6A— C5A— H5AA 
C4A— C5A— H5AA 
03A— C6A— C5A 

03 A— C6A— CIA 
C5A— C6A— CIA 
N1A— C7A— CIA 
N1A— C7A— H7AA 
CIA— C7A— H7AA 
C13A— C8A— C9A 
C13A— C8A— N1A 
C9A— C8A— N1A 

04 A — C9A — CI OA 
04 A — C9A — C8A 
CI OA — C9A — C8A 
C11A — CI OA — C9A 
C11A— C10A— H10A 



117.14(12) 
117.14(12) 
117.32(12) 
114.6(14) 

115.68 (12) 
116.46(13) 
126.30 (12) 
117.12(12) 
122.60 (12) 
114.70(12) 

122.69 (13) 
118.44(13) 
120.8 
120.8 

123.05 (13) 

115.53 (13) 

121.40(13) 

119.17(13) 

120.4 

120.4 

122.97(12) 
115.27(12) 
121.75 (12) 
127.95 (13) 
116.0 
116.0 

119.40(13) 
121.91 (13) 
118.64(13) 
117.89(13) 
122.80 (13) 
119.30(13) 

120.70 (14) 
119.6 



C2B— 01B— C14B 
C4B— 02B— C15B 
C6B— 03B— C16B 
C9B— 04B— H204 
C7B— NIB— C8B 
C2B— C1B— C6B 
C2B— C1B— C7B 
C6B— C1B— C7B 
03B— C6B— C5B 
03B— C6B— C1B 
C5B— C6B— C1B 
C4B— C5B— C6B 
C4B— C5B— H5BA 
C6B— C5B— H5BA 
02B— C4B— C3B 
02B— C4B— C5B 
C3B— C4B— C5B 
C4B— C3B— C2B 
C4B— C3B— H3BA 
C2B— C3B— H3BA 
01B— C2B— C3B 
01B— C2B— C1B 
C3B— C2B— C1B 
NIB— C7B— C1B 
NIB— C7B— H7BA 
C1B— C7B— H7BA 
C13B— C8B— C9B 
C13B— C8B— NIB 
C9B— C8B— NIB 
04B— C9B— CI OB 
04B— C9B— C8B 
CI OB — C9B — C8B 
CUB— CI OB— C9B 
CUB— C10B— H10B 



117.47(11) 

116.49(11) 

117.65 (12) 

111.6(15) 

115.77(12) 

117.29(13) 

117.12(12) 

125.57 (13) 

123.26 (12) 

115.65 (12) 

121.09(14) 

119.10(13) 

120.4 

120.4 

122.34 (13) 

115.84(12) 

121.83(13) 

117.98(13) 

121.0 

121.0 

121.90(13) 

115.37(12) 

122.69(12) 

126.50 (13) 

116.7 

116.7 

119.66(13) 
123.03 (13) 
117.30(12) 
118.09(12) 
122.48 (12) 
119.40(13) 
120.17(14) 
119.9 
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C9A — CI OA — HI OA 119.6 

C12A— C11A— ClOA 120.20(14) 

C12A— C11A— H11A 119.9 

ClOA— C11A— H11A 119.9 

C11A— C12A— C13A 119.72(14) 

C11A— C12A— H12A 120.1 

C13A— C12A— H12A 120.1 

C12A— C13A— C8A 120.66(14) 

C12A— C13A— H13A 119.7 

C8A— C13A— H13A 119.7 

01A— C14A— H14A 109.5 

01A— C14A— H14B 109.5 

H14A— C14A— H14B 109.5 

01A— C14A— H14C 109.5 

H14A— C14A— H14C 109.5 

H14B— C14A— H14C 109.5 

02A— C15A— HI 5 A 109.5 

02A— C15A— H15B 109.5 

H15A— C15A— H15B 109.5 

02A— C15A— H15C 109.5 

H15A— C15A— H15C 109.5 

H15B— C15A— H15C 109.5 

03A— C16A— H16A 109.5 

03A— C16A— H16B 109.5 

H16A— C16A— H16B 109.5 

03A— C16A— H16C 109.5 

H16A— C16A— H16C 109.5 

H16B— C16A— H16C 109.5 

C14A — 01 A — C2A — C3A -3.2 (2) 

C 1 4 A — 0 1 A — C2 A — C 1 A 176.06(13) 

C6A— CIA— C2A— 01A -176.76 (12) 

C7A— CIA— C2A— 01A 6.93(18) 

C6A— CIA— C2A— C3A 2.5 (2) 

C7A— CIA— C2A— C3A -173.82 (13) 

01 A — C2A — C3A — C4A 178.87 (13) 

CIA— C2A— C3A— C4A -0.3 (2) 

C 1 5 A — 02 A — C4A — C3 A "6.7(2) 

C 1 5 A — 02 A — C4A — C5 A 174.54 (13) 

C2A— C3A— C4A— 02A 179.90(13) 

C2A— C3A— C4A— C5A "1-5(2) 

02A— C4A— C5A— C6A 179.65 (12) 

C3A— C4A— C5A— C6A 0.9 (2) 

C 1 6A — 03 A — C6A — C5 A -1.5 (2) 

C16A — 03 A — C6A — CIA 177.08 (13) 

C4A— C5A— C6A— 03 A 179.96 (13) 

C4A— C5 A— C6A— C 1 A 1 .4 (2) 

C2A— CIA— C6A— 03A 178.33 (12) 

C7A— CIA— C6A— 03A "5.7(2) 



C9B — C 1 OB — H 1 OB 119.9 

C12B— CUB— C10B 120.32 (13) 

C12B— CUB— HUB 119.8 

C10B— CUB— HUB 119.8 

CUB— C12B— C13B 119.90(14) 

CUB— C12B— H12B 120.1 

C13B— C12B— H12B 120.1 

C12B— C13B— C8B 120.49 (14) 

C12B— C13B— H13B 119.8 

C8B— C13B— H13B 119.8 

01B— C14B— H14D 109.5 

01B— C14B— H14E 109.5 

H14D— C14B— H14E 109.5 

01B— C14B— H14F 109.5 

H14D— C14B— H14F 109.5 

H14E— C14B— H14F 109.5 

02B— C15B— H15D 109.5 

02B— C15B— H15E 109.5 

H15D— C15B— H15E 109.5 

02B— C15B— H15F 109.5 

H15D— C15B— H15F 109.5 

H15E— C15B— H15F 109.5 

03B— C16B— H16D 109.5 

03B— C16B— H16E 109.5 

H16D— C16B— H16E 109.5 

03B— C16B— H16F 109.5 

H16D— C16B— H16F 109.5 

H16E— C16B— H16F 109.5 

C16B— 03B— C6B— C5B "1-7(2) 

C16B— 03B— C6B— C1B 177.43 (14) 

C2B— C1B— C6B— 03B -178.87 (12) 

C7B— C1B— C6B— 03B 2.5 (2) 

C2B— C1B— C6B— C5B 0.3 (2) 

C7B— C1B— C6B— C5B -178.30 (13) 

03B— C6B— C5B— C4B -179.96 (13) 

C1B— C6B— C5B— C4B 0.9 (2) 

C15B— 02B— C4B— C3B 1.86(19) 

C15B— 02B— C4B— C5B -178.03 (12) 

C6B— C5B— C4B— 02B 178.19(12) 

C6B— C5B— C4B— C3B "1-7(2) 

02B— C4B— C3B— C2B -178.70 (12) 

C5B— C4B— C3B— C2B 1.2(2) 

C14B— 01B— C2B— C3B 5.07 (19) 

C14B— 01B— C2B— C1B -177.21 (12) 

C4B— C3B— C2B— OIB 177.67 (13) 

C4B— C3B— C2B— C1B 0.1 (2) 

C6B— C1B— C2B— OIB -178.54 (12) 

C7B— C 1 B— C2B— O IB 0.18(18) 
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C2A— 


-C 1 A — C 6 A — C 5 A 


-3.0 (2) 




Cob — CIB — C2b — C3b 


A O 

—O.o (1) 


P*7 A 

C7A— 


P 1 A P /" A PC A 

-C 1 A — C o A — C 5 A 


1 OA / 1 A\ 

172.89 (14) 




C7b — C 1 b — Czb — C3b 


1 HH O O /1 T\ 

177.88 (13) 


C8A— 


XT 1 A P7A P 1 A 

-N 1A — C7A — CIA 


-175.58 (13) 




f • o o XT 1 T) PTD P 1 T» 

Cob — JN lb — C7b — Clb 


177.48 (13) 


Co A— 


p 1 A A XT 1 A 

-CIA — C7A — N 1A 


23.4 (2) 




Czb — C 1 b — C7b — N 1 b 


152.97 (14) 


C2A— 


p l a C ' 1 \ XT1 A 

-CIA — C7A — N 1A 


-160.71 (14) 




i /-_ r~"> p 1 T) PTn XT1T) 

Cob — Clb — C7b — IN lb 


25.6 (2) 


P*7 A 

C7A— 


XT1A P O A /ill A 

-IN 1A — CoA — C13A 


58.87 (17) 




p ~7 r> XT1T) i~ ^ O T) ni Tf) 

C7b — Nib — Cob — CI 3b 


fA OA / 1 A\ 

59.30 (19) 


C VA- 


XT 1 A P O A PA A 

-N 1 A — Co A — C9A 


-123.60 (14) 




C ' ~1T) XT1T) pon PAT) 

C7b — N lb — Cob — C9b 


—121.81 (14) 


CUA- 


/-in A PA A /" \ i a 

— C 8 A — C9 A — 04 A 


1 T O AO /1 1\ 

-178.98 (12) 




f ' 1 i r"> p on /-inn /( r-> 

C13B — C8B — C9B — 04B 


-175.24 (13) 


XT 1 A 

N1A— 


p o A PA A z' \ A a 

-CoA — C9A — U4A 


1 A A f 1 A\ 

3.44 (19) 




XT1T) POT) f A D / "\ /{ l~> 

Nib — Cob — C9b — (J4b 


5.8 (2) 


C13A- 


p o A (~ ~* l\ A /" 1 A A 

— C 8 A — C9 A — C 1 OA 


A A O / 1 A\ 

-0.43 (19) 




f ' 1 1 i~i POT) pnn P 1 AT* 

C 1 3 B — C 8B — C9B — C 1 0B 


2.5 (2) 


XT 1 A 

N1A— 


PO A P (\ A P 1 A A 

-Co A — C9A — C 1 OA 


1 TO A 1 / 1 '"»\ 

-178.01 (12) 




XT 1 Ti POT1 PAT) P 1 AT) 

N 1 B — C 8B — C9B — C 1 0B 


-176.43 (12) 


(MA- 


/~1 A A P 1 A A /"I 1 1 A 

-C9A — CI OA — C11A 


179.19 (12) 




Pi /I T) PAT) P 1 AT) P 1 1 T) 

04B — C9B — C 1 0B — C 1 1 B 


174.92 (13) 


PR a 


PQ A P1 DA niA 






PRR PQR P10R P11R 




C9A- 


-C10A— C11A— C12A 


0.0 (2) 




C9B— C 1 0B— C 1 1 B— C 1 2B 


1.2 (2) 


C10A- 


-C11A— C12A— C13A 


-0.8 (2) 




C 1 0B— C 1 1 B— C 1 2B— C 1 3 B 


0.9 (2) 


C11A- 


-CI 2 A— C13A— C8A 


0.9 (2) 




C 1 1 B— C 1 2B— C 1 3B— C8B 


-1.3 (2) 


C9A- 


-C8A— C13A— C12A 


-0.3 (2) 




C9B— C8B— C 1 3B— C 1 2B 


-0.4 (2) 


N1A— 


-C8A— C13A— C12A 


177.19(12) 




N 1 B— C 8B— C 1 3B— C 1 2B 


178.47(13) 


Hydrogen-bond geometry (A, °) 


D — H 


■A 


D — H 


R-A D-A 


D — R-A 


04,4- 


-H104-035 


0.88 (2) 


2.53 (2) 2.9924 (15) 


114.0(17) 


04,4- 


-H104-N15 


0.88 


(2) 


1.96 (2) 2.7897 (15) 


158(2) 


04B- 


-H204-NU 


0.88 


(2) 


2.00 (2) 2.8013 (16) 


151 (2) 


04B- 


-H204-N15 


0.88 


(2) 


2.35 (2) 2.7891 (16) 


111.1 (18) 


C135- 


-RUB-CttA 1 


0.95 




2.59 3.4639 (19) 


154 


C155- 


-Rl5D-04A a 


0.98 




2.43 3.3847 (18) 


164 



Symmetry codes: (i) x+\,y, z; (ii) x, y-l , z. 
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